I A COMPUTATIONAL SOLUTION?
As early as the late 1970s it was realized that this question of single or multiple authorship in a corpus offered a perfect test case for statistical methods of authorship attribution.
Ian Marriott conducted a ground-breaking analysis, published in Journal of Roman Studies in 1979, which suggested that computational analysis indicated single authorship of the corpus.
4
This was a seminal application of forensic stylometry, as developed by Mosteller and Wallace, to a Latin text.
5 Unfortunately, his analysis was marred by methodological errors, particularly the use of sentence length as a criterion of authorship, which is no longer considered an effective stylometric feature even for modern texts, and should definitely not be used for ancient texts,
where the punctuation is due to the modern editor. ' JRS 80 (1990) 174-77. For the relative poor performance of e.g. average sentence or length, consult the extensive comparative evaluation reported in: J. Grieve, 'Quantitative authorship attribution: an evaluation of techniques ', LLC 22 (2007) 251-70. a measure of multiple authorship, and that based on the use of these function words, the SHA appears to be of multiple authorship.
7
Most historians (though by no means all) accept some version of the Dessau theory of single authorship.
8 This disjunct between the evidence from historiography and traditional philology on the one hand, and computational analysis on the other has probably led to a devaluation of computational methods in classical scholarship, and made computational linguists reluctant to work on Echtheitskritik of Latin texts.
Additionally, Joseph Rudman published a damning critique of the state of the art in computational HA studies in the same issue of LLC in 1998 and few studies have dared to take up the case study afterwards. 9 Rudman's critique is --sometimes unreasonably --harsh on previous scholarship and addresses issues which are nowadays considered much less problematic than he did in 1998. 10 The problem of homonymy in word counting or minor reading errors in the transmitted manuscripts, to name but two examples, are no longer considered a major 7 E. K. Tse, F. J. Tweedie, and B. D. Frischer, 'Unravelling the purple thread: function word variability and the Scriptores Historiae Augustae, ' LLC 13 (1998) 141-49 (145-6) . The same issue contains three articles by P. J. and L. W. Gurney, and a cautionary note by J. Rudman (see below). 8 See most recently D. Rohrbacher, The play of allusion in the Historia Augusta (Madison 2016) 4-6. In the twentieth century, the most prominent voice calling the Dessau thesis into question was that of A. Momigliano; see for example his 'An unsolved problem of historical forgery: the Scriptores Historiae Augustae' Journal of the Warburg and Courtauld Institutes 17 (1954) In this paper, we report the results of new computational experiments in the corpus of the Historia Augusta, and argue that they indicate that the problem of the authorship of the corpus is too complex to be reduced to the bare alternative between single or multiple authorship. In the past, the HA has been primarily studied as a problem in authorship attribution, which as we will argue below, is not necessarily the optimal framework in which to assess the authorship of the After Geta, all the way up to lacuna, come the so-called intermediate lives, which display many of the same features as the secondary lives and those after the lacuna, but also seem to transmit some genuine information among their fancies.
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One popular theory is that the is that the Hauptviten are based on the work of Marius Maximus. In most of them, as well as in the life of Heliogabalus (Elgabalus), the HA refers by name to Marius. Other indications suggest that his book on emperors began with Nerva, and hence the widely accepted theory is that he composed the lives of twelve emperors as a sequel to the twelve lives by Suetonius, and that the Hauptviten in the HA substantially represent a reworking of the earlier text. Once Marius Maximus gave out, the authors of the HA resorted to scrappier and less reliable sources, and gave freer rein to invention and fancy. Since the beginning of the HA seems to be lost, scholars have thought that it is possible the collection originally began with Nerva and Trajan in imitation of Marius. Assuming those lives belonged to the category of Hauptviten, the whole series would become a continuation of the work of the biographer Suetonius, who composed the lives of the twelve emperors from Augustus to Domitian. Others, following Syme, reject the theory that Marius Maximus was the source text, and instead posit some other, unknown source (Ignotus). 20 This basic assumption implies that it should be possible to assess, for any new unseen document, whether or not it was written by other authors for whom we have texts available. Nowadays computational authorship studies are often considered a subfield of 'stylometry' in the Digital Humanities, the broader computational study of the writing style of texts.
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While stylometry has a rich history, dating back to at least the 19th century, it is clear that it received its most important impetus only in the past two or three decades, stimulated by the rise of (personal) computing and the increased availability of large bodies of text in electronic 25 Generally speaking, authorship verification is a more generic problem than authorship attribution -i.e. every attribution problem could in principle be cast as a verification problem -but it has also proven to be more challenging. In the present context, it should be emphasized that the problem posed by HA is a 'vanilla' example of a problem in authorship verification: while the corpus indeed contains a number of (auto-)attributions, the veracity of all of these has been questioned in previous scholarship. In our experiments, we have therefore attempted to radically minimize any assumptions on our part as to the authorial provenance of the texts in the HA. For each piece of text analyzed below, we propose to independently assess the probability that it was written by one the (alleged) individual authors identified in the corpus.
Authorship verification is commonly based on a form of thresholding: only if an anonymous document is close enough to a given target author's oeuvre, it will be attributed to that author. In all other cases, a verification system refrains from an attribution. The primary question then is how to calculate the similarity between the unknown document and a given oeuvre. In this paper, we make use of the General Imposters (GI) framework to this end, a highly successful approach to authorship verification. 26 Apart from a prior application to historical Latin, variants of this system have consistently ranked very highly in recent editions of the PAN competition. 27 The GI starts out from the assumption that it is dangerous to base a verification system on the direct (or 'first order') comparison between two documents: if two documents, by different authors, happen to address the same topic, this would for instance artificially increase 28 Additionally, the GI puts a lot of weight on the idea that two documents cannot be compared in a stylistic vacuum: determining whether two documents were authored by the same individual, should make use of relevant comparands. If two documents are written by the same author, they should be consistently more similar to each other than to other texts written by different authors.
The GI therefore proposes the following iterative procedure, which can be likened to forms of 'bootstrapping'. Let x represent an unknown document and let y represent a random target author's stylistic 'profile'. During 100 iterations, it will randomly select (a) 50% of the available stylistic features available (e.g. word frequencies) and (b) 30 distractor authors, or 'impostors' from a pool of similar texts. In each iteration, the GI will compute whether x is closer to y than to any of profiles by the 30 impostors, given the random selection of stylistic features in that iteration. Instead of basing the verification of the direct (first-order) distance between x and y, the GI proposes to record the proportion of iterations in which x was indeed closer to y than to one of distractors sampled. This proportion can be considered a second-order metric and will automatically be a probability between 0 and 1, indicating the robustness of the identification of the authors of x and y. Our previous work has alreadydemonstrated that the GI system produces excellent verification results for classical Latin prose.
29
We have applied a generic implementation of the GI to the HA as follows. Previous research (see the publications mentioned in the previous two notes) suggests that 1,000 words is a reasonable document size in this context. For modern documents, Koppel and Winter were even able to report encouraging scores for document sizes as small as 500 words.
31
Koppel and Seidman, 'Automatically identifying' (n.28, above).
32
See Appendix 2 for the authors sampled. The pool of imposter texts can be inspected in the code repository for this paper. record the proportion of iterations (i.e. a probability between 0 and 1) in which the anonymous document would indeed be attributed to the target author. The resulting probability table is given in full in the appendix to this paper. Although we present a more detailed discussion of this data below, we have added Figure 1 below as an intuitive visualization of the overall results of this approach. This is a heatmap visualisation of the result of the GI algorithm for 1,000 word samples from the lives in the HA. Cell values (darker colors mean higher values) represent the probability of each sample being attributed to one of the alleged HA authors, rather than an imposter from a random selection of distractors. To the left, a clustering has been added on top of the rows, reflecting which groups of samples behave similarly.
[INSERT FIGURE 1]

IV INTERPRETING THE RESULTS
The first result that emerges from the GI verification is that the corpus displays two sets There is, however, a measurable difference in style between these two groups of authors, and the GI attributes texts to one or the other with a high degree of confidence.
34 Nonetheless, some samples from before the lacuna are sometimes attributed to the second set instead of the first, while others are never so attributed. First the latter: Tse, Tweedie, and Frischer briefly examined Syme's four categories, but concluded that their variability was too high to consider them relevant for authorship analysis. Latin data.
40 When we apply PCA to the function word frequencies in texts, the technique has an outspoken tendency to cluster stylistically similar texts. PCA is currently predominantly considered useful for the visualization of datasets of a moderate size, that do not contain too much different categories. Finally, PCA has the interesting characteristic that it is a so-called unsupervised method: it does not require access to any sort of (potentially biased) prior
information about the texts to analyze. This is extremely useful in cases like the HA, where we do not wish to impose any pre-existing hypotheses on the material.
If we represent our corpus as a frequency table, we work with a matrix in which each row corresponds to a single text, and each column to a specific variable (e.g. a function word). The cells in this matrix are filled with the relative frequency of each variable in each texts. If we work with a matrix which contains just the 50 most frequent function words in the corpus, this matrix is still too large to inspect manually, since we are dealing with 50 axes or 'dimensions'.
PCA is a technique for dimension reduction: it aims to replace the original 50 columns by a much set smaller of newly created columns or 'components'. The general idea is that these components should still offer an as accurate as possible approximation of the original frequency table, i.e. when we attempt to reconstruct the original data from the compressed components, the loss should be minimal.
In stylometry, it is common to restrict analysis to the 2 (or sometimes) 3 components, which offer the best summary of the original data. These new dimensions are also called the 'principal' components, because together the offer the best fit of the original data. After performing the PCA, we are therefore left with just two 'dimensions' (principal components or PCs) that describe our data and this makes it much easier to inspect and visualize our texts. The most common visualization of a PCA is a scatterplot as the one below: in this two-dimensional plot, texts are depicted as little dots in the abstract space defined but the first two principal components., corresponding to the horizontal (PC1) and vertical (PC2) axes in the plot. From such scatterplots, much stylistic information can typically be gleaned: texts that adopt a similar style (i.e. have a similar frequency profile when it comes to function words) will be plotted in each other's neighborhood, whereas unrelated texts will be plotted in a different region. In general, it is important that PCA, unlike for instance the imposters technique, will not offer a single straightforward score for each text: the PCA scatterplot still needs interpretation from the scholar's side.
First, we examine all the lives from the standpoint of transmitted authorship, using the 200 most frequent words (MFW), excluding pronouns, with 1000 word samples:
The result is chaos: there is no discernible pattern indicating any firm authorial relationship. The intermingling of samples strongly suggests single authorship. That suspicion grows stronger when two other authors of imperial biography are added for comparison, Aurelius Victor (De Caesaribus) and Suetonius (lives of Augustus, Caligula, Claudius and Domitian).
[INSERT FIGURE 3]
The HA corpus behaves here precisely as we would expect a single author text to behave under such experimental conditions: the samples cluster more compactly and form a group obviously distinct from the other two authorial groups.
If, however, we conduct a PCA ignoring the transmitted authorship designations and replace them with our four categories -the authorship tags are purely for visualization and play no role in the analysis of the samples -a much clearer picture emerges: [INSERT FIGURE 4] This is precisely the same plot as that presented above (Figure 2 Examining the feature loadings, that is, the actual lexical elements from which the PCA scatterplot is constructed, gives us some indication of the basis for this division.
[ INSERT FIGURE 6] Words preferred by the Hauptviten include vero, etiam, autem, and statim; words disfavoured include most notably enim, but also sed, deinde, tamen, and iam. To give two examples: we find enim at a frequency of about seven times every ten thousand words (.00073) in the Hauptviten, whereas we find it twenty times every ten thousand words in the later lives (.0020). For autem, by contrast, it occurs four times every thousand words (.0045) in the Hauptviten and just twice every thousand in the later lives (.0021). In other words, the later lives use enim three times as often as the Hauptviten, and autem half as often. By themselves these two points would be hardly probative, but it is from these kinds of usages analyzed for the two hundred most frequent words that the plots above are constructed.
VI CONCLUSIONS
From this analysis the following conclusions emerge:
(1) Pace Tse, Tweedie, and Frischer, the authorial structure presented by the manuscriptssix authors, four working before the lacuna and two after -is not compatible with the features of the text, given the strong results we have achieved from the GI verification. These categories can be reconstructed solely on the basis of the stylometric data.
(4) The lacuna after Maximus and Balbinus corresponds to a discernible stylistic break in the text. While that does not prove that the lacuna is deliberate, it does provide a further indication that its presence is not a happenstance of transmission.
(5) The major exception to these two authorial layers are samples from the lives of Alexander Severus and Heliogabalus which form a distinct and compact clade in Fig. 1 (a darkly coloured square in Lampridius' column in our visualization) and separate from the 41 J. N. Adams, 'On the authorship of the Historia Augusta, ' CQ 22 (1972) 186-194. other samples in our PCA plot ( Fig. 2 and Fig 4) . This could mean that these lives are drawn from a third source whose stylistic features have persisted in the text as we have it.
One way to interpret these conclusions is that a single author incorporated an earlier source for the lives of the emperors, making very few changes in the lives of senior emperors through to Didius Iulianus, while adding the lives of junior emperors with material partially of his own composition. After Didius, his collection shows increasing evidence of his own hand at work, until after the lacuna, where the lives seem to be primarily of his own composition. This theory neatly accords with Syme's conclusions about the collection, and gives strong indication that there is no necessary disjunction between the conclusions arising from computational studies and traditional literary and historical analysis. 
